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The reactivity of propyl esters of N-[(2-oxoindolin-3-ylidene)- 
2-oxiacetyl]amino acids 
The study of the reactivity of substances allows optimizing the conditions of their synthesis and creating mathemati-
cal models of the “structure-biological activity” relationship that enable to carry out the targeted search of compounds 
with a specified high level of the biological action. 
Aim. To study the reactivity of propyl esters of N-[(2-oxoindolin-3-ylidene)-2-oxiacetyl]amino acids.
Materials and methods. The reactivity of propyl esters of N-[(2-oxoindolin-3-ylidene)-2-oxiacetyl]amino acids was 
studied in reversible conditions on the model of acid-base equilibria by the method of potentiometric titration.
Results and discussion. The ionization constants of 9 propyl esters of N-[(2-oxoindolin-3-ylidene)-2-oxiacetyl]
amino acids indicate that these compounds are weak acids. Elongation of the methylene fragments in the amino acid 
groups of molecules decreases their acidity. In contrast to the length of the methylene fragments their branching and 
the presence of the substituents do not affect acidity of the esters studied. In the framework of the principle of linearity 
of free energies the effect of the length of the methylene chain in the amino acid fragment of the molecules of propyl 
esters of N-[(2-oxoindolin-3-ylidene)-2-oxiacetyl]amino acids was quantitatively assessed by Hammett equation. 
Conclusions. It has been found that propyl esters of N-[(2-oxoindolin-3-ylidene)-2-oxiacetyl]amino acids have the 
functions of weak monobasic acids. Elongation of the polymethylene chain weakens ionization. The low sensitivity of 
the reaction center to elongation of the methylene chain has been identified.
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Реакційна здатність пропілових естерів N-[(2-оксоіндолін-3-іліден)-2-оксіацетил]
амінокислот
Дослідження реакційної здатності речовин дозволяє оптимізувати умови їх синтезу і створити математичні 
моделі зв’язку «структура-біологічна активність», які дають можливість проводити цілеспрямований пошук спо-
лук з заданим високим рівнем біологічної дії. 
Метою даної роботи стало дослідження реакційної здатності пропілових естерів N-[(2-оксоіндолін-3-іліден)-
2-оксіацетил]амінокислот.
Матеріали та методи. Реакційну здатність пропілових естерів N-[(2-оксоіндолін-3-іліден)-2-оксіацетил]аміно-
кислот досліджено в обернених умовах на моделі кислотно-основних рівноваг за методом потенціометричного 
титрування.
Результати та їх обговорення. Одержані константи іонізації 9 пропілових естерів N-[(2-оксоіндолін-3-
іліден)-2-оксіацетил]амінокислот свідчать, що ці сполуки – слабкі кислоти. Подовження метиленових фрагмен-
тів в амінокислотних групах молекул зменшує їх кислотність. На відміну від довжини метиленових фрагментів їх 
розгалуженість, як і наявність замісників не впливають на кислотність досліджуваних естерів. У рамках принци-
пу лінійності вільних енергій проведено кількісну оцінку впливу довжини метиленового ланцюга в амінокислот-
ному фрагменті молекули пропілових естерів N-[(2-оксоіндолін-3-іліден)-2-оксіацетил]амінокислот за рівнянням 
Гаммета. 
Висновки. Встановлено, що пропілові естери N-[(2-оксоіндолін-3-іліден)-2-оксіацетил]амінокислот мають функ-
ції слабких одноосновних кислот. Подовження поліметиленового ланцюга послаблює їх іонізацію. Визначена 
низька чутливість реакційного центра до подовження поліметиленового ланцюга.
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Реакционная способность пропиловых эфиров N-[(2-оксоиндолин-3-илиден)- 
2-оксиацетил] аминокислот
Исследование реакционной способности веществ позволяет оптимизировать условия их синтеза и созда-
вать математические модели связи «структура-биологическая активность», которые дают возможность прово-
дить целенаправленный поиск соединений с заданным высоким уровнем биологического действия.
Целью данной работы явилось исследование реакционной способности пропиловых эфиров N-[(2-оксоиндолин-
3-илиден)-2-оксиацетил] аминокислот.
Материалы и методы. Реакционная способность пропиловых эфиров N-[(2-оксоиндолин-3-илиден) -2-ок-
сиацетил]аминокислот исследована в обратимых условиях на модели кислотно-основных равновесий методом 
потенциометрического титрования.
Результаты и их обсуждение. Полученные константы ионизации 9 пропиловых эфиров N-[(2-оксоиндолин-
3-илиден)-2-оксиацетил]аминокислот свидетельствуют, что эти соединения – слабые кислоты. Увеличение ко-
личества метиленовых фрагментов в аминокислотных группах молекул уменьшает их кислотность. В отличие 
от длины метиленовых фрагментов их разветвленность, как и наличие заместителей не влияют на кислотность ис-
следуемых эфиров. В рамках принципа линейности свободных энергий проведена количественная оценка вли-
яния длины метиленовой цепи в аминокислотном фрагменте молекул пропиловых эфиров N-[(2-оксоиндолин-
3-илиден)-2-оксиацетил] аминокислот по уравнению Гаммета.
Выводы. Установлено, что пропиловые эфиры N-[(2-оксоиндолин-3-илиден)-2-оксиацетил]аминокислот 
имеют функции слабых одноосновных кислот. Увеличение полиметиленовой цепи ослабляет их ионизацию. 
Определена низкая чувствительность реакционного центра к увеличению полиметиленовой цепи.
Ключевые слова: реакционная способность; N-[(2-оксоиндолин-3-илиден)-2-оксиацетил]аминокислоты
The systematic studies of the biological activity of 
N-[(2-oxoindolin-3-ylidene)-2-oxiacetyl]amino acids and 
their esters synthesized at the Analytical Chemistry De-
partment of the National University of Pharmacy have 
revealed that these compounds have a broad range of the 
pharmacological action [1-4]. The study of their reac-
tivity is of undoubted scientific and practical interest, 
and therefore, it allows optimizing the conditions of their 
synthesis and creating mathematical models of the “struc- 
ture-biological activity” relationship that enable to car-
ry out the targeted search of compounds with a speci-
fied high level of the biological action. 
The aim of this work was to study the reactivity of 
propyl esters of N-[(2-oxoindolin-3-ylidene)-2-oxiace- 
tyl]amino acids. There are no data concerning the reac-
tivity of these derivatives in the literature.
Materials and methods
The reactivity of propyl esters of N-[(2-oxoindolin-
3-ylidene)-2-oxiacetyl]amino acids was studied in re-
versible conditions on the model of acid-base equilibria 
(Scheme).
Acid-base equilibria were studied by the method of 
potentiometric titration [5]. The titrant was standard 0.05 М 
aqueous solution of potassium hydroxide without car-
bon dioxide. The concentration of the titrated solutions 
was 0.005 М at the semineutralization point. Potentio-
metric titration was performed on an EV-74 ionomer with 
glass (ESP-43-074) indicator electrode. The reference 
electrode was silver-silver chloride electrode (EVP-1). 
The experiments were performed in triplicates at 25 °С. 
The accuracy of the results obtained was assessed by 
the methods of mathematical statistics of small samples 
(95 % confidence interval) [6].
The mixed solvent was prepared from the freshly 
distilled СО2-free bidistillate and 1,4-dioxane.
Results and discussion
The ionization constants (рКа) of propyl esters of 
N-[(2-oxoindolin-3-ylidene)-2-oxiacetyl]amino acids (І-ІХ) 
were determined in the dioxane-water mixed solvent 
(60 vol. % of 1,4-dioxane) at 25 °С by the method of 
potentiometric titration. The data obtained are given in 
Table.
Preliminary experiments showed that the compounds 
studied were monobasic acids with f = 1, Е = М (mathe-
matical analysis of the рН –f(КОН) dependence curves 
revealed only one point of intersection). Taking into ac-
Scheme
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count the peculiarities of the structure of propyl esters 
of N-[(2-oxoindolin-3-ylidene)-2-oxiacetyl]amino acids 
there are grounds for the most probable process of ioni-
zation mentioned above.
The data of Table also show that compounds (І-ІХ) 
are weak acids. Elongation of the methylene fragments 
in the amino acid groups of the molecules of propyl es-
ters decreases acidity of these compounds. However, in 
contrast to the length of the methylene fragments their 
branching and the presence of the substituents (com-
pounds I, VI, VII, VIII) do not affect acidity of these 
compounds (within the error of the experiment). It sug-
gests a minor effect of specific solvation on the ioniza-
tion process unlike their coefficients of distribution in 
the octanol-water system [7].
It should be noted that for esters (I-V):
∆рКа = рКаn+1 – рКаn,
where: n – is the number of methylene groups of the ali-
phatic chain (Table) that remains almost constant within 
the error of the experiment (0.02-0.03). It suggests a li- 
near correlation between their рКа and the length of the 
methylene chain. 
For propyl esters of N-[(2-oxoindolin-3-ylidene)-2- 
oxiacetyl]amino acids the correlation equation of the 
рКа – f(n) dependence (where n – is the number of me- 
thylene groups*) has reliable statistical parameters:
    рКа = 6.88 + 0.026n   (1)
n = 9; s = 0.002; r = 0.998.
* For compounds VI, VIІ, VIІІ; n = 1, IV n = 3.
The resulting equation can be used to predict the aci- 
dic properties of other compounds of this isostructural 
series. However, equation (1) does not describe the electro- 
nic effects of substituents. Therefore, in the framework 
of the principle of linearity of free energies the effect of 
the length of the methylene chain in the amino acid frag-
ment of the molecule of propyl esters of N-[(2-oxoin-
dolin-3-ylidene)-2-oxiacetyl]amino acids was quantita-
tively assessed by Hammett equation (рКа = а + ρσ). As 
the σ-constant of the (СН2)– fragment the value 0.388 
was chosen [5] due to the electron-accepting properties 
of the ester fragment. The σ(CH2)n of the fragment was 
calculated as∙0.388. The correlation equation obtained 
(2) is statistically significant:
    рКа = 6.88 + 0.067∙σ  (2)
n = 5; s = 0.003; r = 0.998.
The positive value of the parameters of equation (2) 
shows that the increase of the methylene fragment length 
reduces the acid ionization of these compounds, i.e. the 
methylene groups act as insulating links in transmitting 
the effect of the substitutes (inductive effect) on the reac-
tion center, as confirmed by the literature [8]. The value 
of the reaction parameter ρ is low; it indicates an insig-
nificant sensitivity of the reaction center (the enol hydroxyl 
group) to elongation of the polymethylene chain. The 
equation (2) can be used in the molecular design of active 
pharmacophores of the given isostructural series.
CoNClUSIoNS
1. The reactivity of propyl esters of N-[(2-oxoindo-
lin-3-ylidene)-2-oxiacetyl]amino acids has been studied 
using acid-base equilibria. It has been found that they 
have the functions of weak monobasic acids. The equa-
tion of their ionization by the enol hydroxyl has been 
proposed.
2. The ionization constants of 9 propyl esters of 
N-[(2-oxoindolin-3-ylidene)-2-oxiacetyl]amino acids have 
been obtained; it has been proven that elongation of the 
polymethylene chain weakens ionization.
3. The effect of the methylene chains in the amino 
acid fragment of the molecule has been quantitatively 
assessed by Hammett equation, and the low sensitivity 
of the reaction center to elongation of the polymethylene 
chain has been identified.
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